A new system, consisting of a double channel Fabry Perot etalon and laser diodes emitting around 780 nm is described and proposed to be used for air refractive index measurements. The principle of this refractometer is based on frequency measurements between optical laser sources.
One of the most important sources of error limiting the accuracy of length measurements by Up to now, the best refractometers used for air refractive index measurements reach relative uncertainties limited to the 10 7 − level 2 . Furthermore, their response times are rather slow compared with the rate of variation of the index of air associated with the changes of the climatic conditions (temperature, pressure, humidity and CO 2 concentration ... ). In the case of our refractometer the index of air is only determined from beat frequency measurements between optical laser sources. The uncertainties of the measurements can reach the 10 8 − level. This allows one to improve the accuracy of length measurement techniques based on interferometric methods in air.
As will be show in section 2, the most important application of this apparatus concerns the development of a new type of laser reference where the wavelength is stabilised, even if n varies, as opposed to the frequency as in classical optical frequency standards 1 . This type of reference is insensitive to air refractive index fluctuations and exhibits a long term stability δλ λ of 10 8 − .
Principle of the measurement
Our apparatus is shown in figure 1 . The central element of the air refractometer is a dual channel plane-plane Fabry Perot interferometer with a spacer of lengthSYMBOL l = 250mm , made from zerodur (thermal coefficient expansion of 10
. This cavity will be described in more detail in section 3. Each channel is illuminated independently by a single mode laser diode operating around 780 nm. One channel can be evacuated when the other is kept at atmospheric pressure. The beat frequency between the laser diodes LD1 and LD2 is measured using the photo-detector PD3 and that between LD1 and LD3 by PD4. The photodiodes PD1 and PD2 are used to lock the lasers LD1 and LD2 to transmission peaks of their respective cavities.
When the frequency of a laser is locked to a transmission peak of this Fabry Perot etalon, it follows that l = k ( ) λ 2 , where k is an integer and λ the wavelength of the laser.
The method of the measurement is as follow.
In a first step, air is present in both channels of the interferometer. With the help of a beat frequency measurement, using the photo-detector PD3, it is straightforward to ensure that each laser is locked to the same peak k of frequency ν k k c n = 2 l . ( c is the speed of light in vacuum and n is the refractive index of air). In this situation, ∆ν ν ν = − 
When the pressure of the first channel, illuminated by the laser LD1, is slowly reduced, the laser LD1 remains locked to the same peak k. After evacuation of this channel (the residual pressure is about 1 Pa), the wavelength λ 1v in vacuum remains equal to:
This means that the interference pattern between the two mirrors of the Fabry Perot cavities remains unchanged during the pumping procedure. On the other hand the frequency of the laser LD1 becomes: 
Finally, from our knowledge of ν ref and the almost instantaneous measurements of ∆ν and ∆ν * , we have an instantaneous determination of the refractive index of air. Explicitly:
From (5), one can see that with this technique the measurement of the index of air does not depend on the value of k nor on l which is generally not the case of the other traditional interferometric methods.
There are two main difficulties inherent to our method. The first is to scan continuously the frequency of the laser LD1 over about 105 GHz while it remains locked to the same transmission peak of the F-P without mode hopping. The second is to measure the associated beat frequency ∆ν which lies close to this value. To address the first problem we employ distributed Bragg reflector (DBR) laser diodes (Yokogawa company). As well as providing single mode operation with a narrow spectral linewidth (1 MHz), these diodes can be tuned continuously over a wide wavelength range ( >150 GHz ). The second difficulty, namely the large frequency difference measurement can be overcomes by using two possibilities:
-The first is a direct measurement of ∆ν and use three wave mixing on a Schottky diode 3 .
Here the 2 nd harmonic of a stabilised microwave field of frequency Ω RF ≈52 GHz with the optical laser beams of frequencies ν 1 and ν 1 * . This give a beat signal at frequency ( )
− Ω RF which can be measured directly.
-The other method use the fact that the beat frequency ∆ν can be compared to the free spectral range (FSR= c n 2 l ) of the Fabry Perot. In this case we measure the frequency difference between ν 1 * and ν 1 2 + p c nl . The integer p is such that this difference is less than 1 FSR. More details about this procedure are provided in section 5.
In practice, ν ref is known to within a few kilohertz and ∆ν and ∆ν * can be measured with an accuracy well below 1 MHz. This means that we can determine n with a relative uncertainty better than 10 8 − (one standard deviation). An interesting characteristic of this refractometer is the fact that the value of the wavelength λ 2a of the laser LD2, is insensitive to air refractive index fluctuations. In fact, from the relations (2), (3) and (4) the wavelength of the laser LD2 is given by the expression: λ ν ν
This property is used at present in our laboratory to provide an optical wavelength reference. 
4.2-Effect of parallelism of mirror faces and air pressure
In order to measure the refractive index of air with a relative uncertainty in the range of 10 8 − we require that the length difference between the two cavities of the Fabry Perot (central and peripheral cavity) remain the same to within λ 300 . This corresponds to a shift of the beat note between the corresponding peak k of the two cavities smaller than 4 MHz. Such a shift can be measured easily. Any variation of the length of the cavities due to a pressure differential can be measured by the following procedure which we now describe.
Initially the two cavities are in air and we choose a peak number k of the peripheral cavity such that the corresponding frequency ν 2 is close to the frequency ν ref . The term c 2 is of order 30 MHz corresponding to a change of the cavity length by ≈ λ 40 . To first order, the corresponding deformation is assumed to be equivalent in both cavities. Since our method of measurement is independent of the length of the F-P cavities, linear changes of this length will not affect the accuracy of the measurements. However if we place an upper limit for the residual non-linearity of the deformation between the two cavities of 10%, this will introduce a differential frequency shift of order 3 MHz ( λ 400 ) which corresponds to a relative uncertainty of order 8 10 9 × − in the measurement of n. This effect is in fact the principal limitation on the accuracy of our apparatus. Consequently we can neglect errors due to misalignments.
4.3-Sensitivity of the apparatus to misalignment errors

Determination of the refractive index of air: first measurements
Since the Schottky diode and the RF mixer system is not yet operational the beat frequency ( ∆ν ≈105 GHz ) is measured indirectly. Our method involves a similar concept which is used to achieve absolute distance measurement 6 . The results obtained for the refractive index of air are compared with those derived from the revised Edlén equation 7 used for ambient atmospheric conditions over the range of wavelengths 350-650 nm.
5.1-Measurement procedure
First, we start with both cavities of the Fabry Perot at atmospheric pressure. The frequency ν k of the transmission peak, on which the diode laser LD1 (for central cavity) and LD2 (for peripheral cavity) are locked, is respectively ν 1 and ν ν The frequency ν 1 is chosen such that the difference between ν 1 * and ν r corresponds to a few hundred megahertz in order that it can be measured by conventional beat frequency techniques:
ν ν δν
The refractive index of air is given by the ratio ν ν 
Next, the laser LD2 is no longer locked to the k th peak of frequency ν 2 but instead is scanned manually and, after we have counted an integer number p of fringes, it is relocked to the peak number ( ) k p + such that the frequency of this laser is varied from ν 2 i to ν 2 * . 
where δν 2r represents the beat frequency between the reference source and the diode laser LD2
at frequency ν 2 * . From the relations (6), (7), (8), (9) and (10) 
Finally, from (11) and (6) the refractive index of air can be expressed in the form: 
To first order, we suppose that the corrections c 1 and c 2 are the same which means that the atmospheric pressure causes the lengths of both cavities to change by the same amount. With this procedure, we can make measurements of the refractive index of air and also track its fluctuations at any time. This is achieved thanks to the quasi-instantaneous measurement of the two beat frequencies δν 1r and δν 2r .
With this method, the uncertainty in the index of air is less than 2 10 
Conclusion
We have developed a novel refractometer based on a two channel 
